INTRODUCTION
DIFFERENCES in somatic chromosome size between homologous chromosomes of closely related plant species at different levels of ploidy have been noted by several workers (Manton, 1950; Pegington and Rees, 1970) . Indications that this phenomenon occurred in pachytene chromosomes came from a report that the pachytene chromosomes of commercial alfalfa (Medicago sativa), a terraploid, were considerably shorter than those of diploid M. sativa (Gillies, 1968, l970b) . The availability of diploid, autotetraploid and essentially autohexaploid plants of M. sativa and M. falcata have made possible the comparison of pachytene chromosomes at three ploidy levels. M. falcata is cytologically and genetically almost indistinguishable from M. sativa, and the two will be referred to under the name Al. sativa sensu lato (s.1.) (Lesins, 1961; Gillies, l97Oa) .
MATERIALS AND METHODS
The diploid used was a plant of M. falcata L. (U. of A. Accession No. 136), and the tetraploid was derived from it by colchicine treatment (autotetraploid 1-5-2). The nexploid (hexa 8-13) was obtained by a backcross of a colchicine induced auto-octaploid to the parental tetraploid M. sativa, a commercial cultivar. Pachytene stage cells of each were prepared from pollen mother cells by the same technique (Gillies, 1968) , and chromosomes were measured from photographs at the same magnification. The chromosomes were classified into eight classes of a common haploid idiogram ( fig. 1) , and mean lengths and arm ratios were calculated for each chromosome class at each ploidy level.
RESULTS AND DISCUSSION
As only a limited number of measurements were available for some hexaploid chromosome classes, only four chromosomes will be considered here, chromosomes 3, 4, 6 and 7. The first two are asymmetrical submetacentrics, the latter two are symmetrical metacentrics (centromere positions classified according to nomenclature of Levan, Fredga and Sandberg (1964) . The data for these four are given in table I. Chromosomes 3 and 6 of the three ploidy levels are shown in figs. 2-7 of Plate I.
F tests were carried out to determine if there were significant effects of ploidy on chromosome length and arm ratio. In all four chromosome classes there were highly significant effects of ploidy on length. It can be seen from table 1 that the reductions in length from diploid to tetraploid are much greater than the reductions from tetraploid to hexaploid. In all four chromosomes the diploid-tetraploid length differences were significant, but only two chromosomes (3 and 6) had significant differences between tetraploid and hexaploid lengths in calculations using Duncan's multiplerange method (table 1) .
The arm ratio decreases (table I) from diploid to tetraploid were significant in chromosomes 3 and 4, but decreases from tetraploid to hexploid in these chromosomes were non-significant. The F values for arm ratio changes in chromosomes 6 and 7 were not significant.
Differences in contraction of chromosomes appear to be the immediate cause of the reduction in chromosome lengths with increase in ploidy level. The chromosomes were still identifiable by means of relative lengths, arm ratios and chromomere patterns. The more chromatic nature of the higher ploidy level chromosomes could be a result of the greater staining ability An extreme difference in behaviour of the arm ratios of the two submetacentrics (3 and 4) on the one hand, and the two metacentrics (6 and 7) on the other, is obvious. Chromosomes 3 and 4, which had significant arm ratio reductions, are the chromosomes with initially high arm ratios and highly chromatic short arms. It has been shown that in tomato pachytene chromosomes (which are similar in morphology to those of Medicago) the achromatic zones contract many more times than the chromatic ones (Brown, 1949; Ramanna and Prakken, 1967) . It is reasonable therefore to expect the achromatic long arms of chromosomes 3 and 4 to contract more than the chromatic short arms, thus causing reductions in arm ratios. In the symmetrical, median centromered chromosomes 6 and 7 the contraction in both arms is more uniform and little change in arm ratios is to be expected due to contraction.
This was demonstrated by calculating the mean lengths of the long and short arms of chromosomes 3 and 7 at the three ploidy levels. Statistical tests showed that the decreases in the length of the long arm of chromosome 3 from diploid to tetraploid and tetraploid to hexaploid were both highly significant, whereas the short arm decreases were significant from diploid to tetraploid only. In chromosome 7 the decreases in the short arm length were both significant while the long arm decrease was significant from diploid to tetraploid but not from tetraploid to hexaploid.
The exact cause of the increased contraction of pachytene chromosomes at the higher ploidy levels is uncertain. Darlington (1964) states that polyploid species regularly have chromosomes smaller than their diploid relatives, probably as an evolutionary adaption to increases in chromosome number. Lewis and John (1963) tetraploids was considered to be due to reduction in the level of chromosome polynemy. Martin (1968) concluded that the reduction in DNA value and size of chromosomes in Vicia was most likely similarly caused. Increases in ploidy level in Medicago may result in reduction in chromosome polynemy, but in view of the variations in the lengths of pachytene chromosomes in related diploid Medicago species mentioned above, it seems unlikely that differential polynemy is involved in this case.
It was suggested (Gillies, l970b) that the shorter, more contracted chromosomes of natural tetraploid M. sativa might result either from a slightly later and hence more contracted stage of pachytene being more amenable to study in the tetraploid, or from contraction commencing earlier in the meiotic cycle of the tetraploid. Nuclear volumes of higher ploidy levels not being exact multiples of the nuclear volumes of diploid cells was suggested as a possible reason for the increased contraction. Ichikawa and Sparrow (1967) found nuclear volumes of tetraploid and hexaploid wheats were not as large as expected on the basis of diploid ancestors. However, Pegington and Rees (1970) found that nuclear dry mass and DNA at higher ploidy levels of wheat increased at exact multiples of the diploid values, and they concluded that the shorter somatic chromosomes in hexaploid wheat were due to increased metaphase coiling of the chromosomes which resulted in compaction. The reduction in pachytene chromosome lengths of Medicago sativa s.l. is clearly connected with contraction, but the exact reason for the ploidy effect on contraction is at present unknown.
4. SUMMARY I. Analysis of pachytene chromosomes of diploid, tetraploid and hexaploid Medicao saliva s. 1. showed that there was a significant reduction in chromosome length with increase in ploidy level, the reducion from diploid to tetraploid being more pronounced than from tetraploid to hexaploid.
2. The length reduction appeared to be caused mainly by contraction of achromatic portions of chromosomes. In submetacentric chromosomes this resulted in a simultaneous reduction in arm ratio.
